Abstract:The synthesis of silver nanoparticles (Ag NPs) has been carried out using different methods, mainly by biological and chemical methods; however, comparing antibacterial activity of Ag NPs synthesized by these methods has not been conducted before. In this study, silver nanoparticles (Ag NPs) were synthesized by methods using reducing agent NaBH4/carboxymethyl cellulose (CMC) and fungal strain Trichoderma asperellum (T.asperellum). The formation of silver nanoparticles was observed visually by color change and identified by Ultraviolet-visible (UV -vis) spectroscopy. The transmission electron microscopy (TEM) image illustrated almost nanoparticles with spherical shape and average diameter of 4.1 ± 0.2 nm and 2.1 ± 0.2 nm of samples produced from chemical reduction and biosynthesis respectively. Both samples after 180 days storing have been separated lightly, but the agglomeration and absorbance peak shifting were not observed which proved the high stability of synthesized Ag NPs. Antimicrobial activity against human bacterial pathogen Escherichia coli (E. coli) showed that the inhibition zone produced by "biosynthesis" and "chemical reduction" Ag NPs were 3.17 cm and 2.42 cm respectively. With nanoparticles size smaller than 2 mm, antibacterial activity of "biosynthesis" Ag NPs against E. coli was 31 % higher than "chemical reduction" Ag NPs, although the concentration of Ag NPs produced by biosynthesis was about 10-fold less.
produced from biosynthesis and chemical method has not been conducted yet. Also, application of Ag NPs has been limited currently due to their low stability and easy deposition.
Therefore, with the aim of applying Ag NPs as antibacterial agents, this study focused on evaluating antibacterial ability against E. coli of Ag NPs produced by biosynthesis using fungal strain T.asperellum in comparison with chemical reduction using NaBH4/CMC as well as evaluating the stability of synthesized Ag NPs samples following storing time.
Materials and methods

Materials and chemicals
Silver nitrate (AgNO3, 99,0 %, Merck, Germany), carboxymethyl cellulose (CMC, Mw 90,00, Sigma-Aldrich), sodium borohydride (NaBH4, 98.0 %, Scharlau, Spain), agar (99.0 %, HiMedia, India) and triple -distilled water with conductivity smaller than 1 S/cm were used.
Synthesis of silver nanoparticles
"Chemical reduction" Ag NPs were synthesized using NaBH4 as a primary reductant and CMC as secondary reductant and stabilizer on the basic of the Pedroza -Toscano method [17] . The reduction process was carried out at 0 ºC. A volume of 23 mL of 20 mM AgNO3 aqueous solution was loaded into the reactor. Then 68 mL of 0.12 % w/v CMC solution was added to the AgNO3 solution about 30 minutes at room temperature with vigorous stirring to ensure a homogenous solution. The reaction was cooled down to 0 ± 2 ºC by an ice bath. Since temperature stability, a volume of 9 mL of 57 mM NaBH4 solution was added dropwise into the reaction during vigorous stirring for 90 minutes until collecting homogenous brown yellow colloidal solution. Finally, the reaction was allowed to continue stirring at room temperature for 30 minutes.
"Biosynthesis" Ag NPs were synthesized employing fungal strain T.asperellum. T.asperellum was isolated and identified at Lab of Microbiology, Faculty of Biology-Environmental Science, The University of Education, Danang University, Vietnam [18] . T.asperellum was cultured in Czapek Dox liquid medium at temperature 28 ± 1 ºC in a rotary shaking operated at 140 rpm for 120 hours. Biomass of T.asperellum was harvested by filter paper Whatman 10, then clean the biomass by distilled water for 3 -4 times. Add 10 g of T.asperellum biomass into an Erlenmeyer flask containing 100 mL of distilled water and inoculate for 24 hours. Then collect the supernatant by filter paper Whatman 10. Finally, add 100 mL of 1mM AgNO3 in 100 mL of the supernatant and inoculate in the dark at temperature 28 ± 2 ºC.
Characterization of Ag NPs
The formation of Ag NPs was observed by UV-vis absorption spectra (Jasco V-670, Japan). A volume of 1mL of Ag NP solution was taken and diluted to 100 mL by distilled water; a 6 mL aliquot was used for the measurement. UV-Vis absorbance spectrum also was used to evaluate the stability of Ag NPs after 180 days of storing at room temperature. Ag NPs solution was separated into small layers from top to down.
The morphology and particle size were observed by transmission electron microscopy (TEM, JEOL JEM-1400) operated at an accelerating voltage of 100 kV. The samples of TEM characterization were prepared by placing a drop of the Ag NP solution onto a formvar-coated copper grid, which was then evaporated at room temperature. TEM images of the nanoparticles were used for the size distribution measurements. Over five hundred particles were measured to obtain the average particle size and size distribution.
Antibacterial activity of Ag NPs
The antibacterial activity of Ag NPs was tested by the standard zone of inhibition (ZOI) method on LB agar (Luria -Bertani) [19] . LB agar plates were inoculated with Escherichia coli (E. coli) under aseptic conditions and wells (diameter = 1 cm) were filled with 3 mL of the test samples and incubated at 30 ± 1 ºC for 24 hours. The test sample included Ag NPs samples, 1 mM AgNO3, distilled water and the supernatant of T.asperellum culture medium. After the incubation period, the diameter of the growth inhibition zones was measured.
Results and discussion
Synthesis of Ag NPs
Chemical reduction of Ag NPs by NaBH4/CMC
CMC has been used for chemical synthesis of Ag NPs as the stable chemical/reducing agent stability. Adding silver nitrate into a reaction flask, CMC with COO-groups created complex bonds with Ag+ [20] ; Ag+ was reduced by the hydroxide groups (-OH or -CH2-OH) to generate Ag atoms which acted as nucleation centers where other Ag+ ions adhered to [21] . As shown in Figure 1a , the transition from transparent to light pink mixture of silver nitrate and CMC indicated that CMC acted as reducing Ag+ to Ag nanoparticles. A color change to russet occurred for adding NaBH4 as a reducing agent that proved that Ag+ ions were reduced and obtained a uniform colloidal solution. 
Biosynthesis of Ag NPs by T.asperellum
Ag NPs were synthesized by denitrification of nicotinamide adenine dinucleotide (NADH) of the supernatant of T.asperellum. Converting from NADH to NAD+ was released electrons which combined with Ag+ to form Ag atoms, while NO3-was reduced to N2 [22, 23] . showed UV-Vis spectra of solution during synthesis procedure of "biosynthesis" Ag NPs. The change of the reaction solution color from transparent to yellow and an absorption peak at 373 nm of synthesized solution which clearly indicated the formation of Ag NPs [24] .
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Characterization of Ag NPs
Morphology of Ag NPs
The size and morphology of Ag NPs were observed using TEM shown in Figure 3 "Chemical reduction" Ag NPs "Biosynthesis" Ag NPs Figure 3 ;TEM images and graph of particle size distribution of Ag NPs.
AgNO3
T.asperellum "Biosynthesis" AgNPs
The effect of nanoparticle size on the properties of Ag NPs has been studied carefully by different research groups [25, 26, 27] .
Decreasing Ag NPs size from 100 nm to 5 nm resulted in the absorbance peak of Ag NPs shifting from 462 nm to shorter wavelength 393 nm. However, the effect of Ag NPs size smaller than 5 nm on their properties has not been carried out. In this study, the absorption maxima of Ag NPs shifted from 404 nm to shorter wavelength 373 nm with Ag NPs size decreased from 4.1 ± 0.2 nm to 2.1 ± 0.2 nm.
The stability of Ag NPs
The stability of Ag NPs by the time was evaluated by comparing the intensity and the shift in wavelength of absorbance peak in UV-Vis absorbance spectra of small solution separated from layers of "chemical reduction" and "biosynthesis" Ag NPs after 180 days storing (Figure 4) . For "chemical reduction" Ag NPs, the intensity of absorbance (I) of separated layers was 0.80, 0.83 and 0.94 from top to down respectively, while the absorbance peak was still observed at 404 nm. Comparing to the intensity of absorbance of the as-synthesized Ag NPs solution (I o = 0.87) revealed an insignificant change of the absorbance intensity and non-move of absorbance peak of the samples after 180 days storing. These indicated that the layers separation of "chemical reduction" Ag NP solution were insignificant after 180 days storing and the nanoparticles were not conglomerated which proved the high stability [28] .
The intensity of absorbance (I) of layers of "biosynthesis" Ag NPs solution increased gradually from top to down after 180 days storing as 0.165, 0.182 and 0.186 respectively, specifically, the intensity of absorbance of bottom layer was higher than the intensity of absorbance of surface layer about 11,3 %. Therefore, "biosynthesis" Ag NPs solution was separated slightly to layers during storage. However, the conglomeration of "biosynthesis" Ag NP solution was not observed visually. 
Antibacterial activity of Ag NPs
The antibacterial activity against E. coli of samples was conducted by a well diffusion method which could be observed in Figure 5 . The supernatant of T.asperellum culture medium and AgNO3 solution could not inhibit the growth of E. coli. Clearly, the inhibition was recorded by chemical reduction and biosynthesis of Ag NPs. The result of Table 1 showed that the antibacterial ability against E. coli of "biosynthesis" AgNPs was 31% higher than "chemical reduction" Ag NPs.
Microorganism
Zone of inhibition*, cm Table 1 . Inhibition zone diameters produced by Ag NPs "Chemical reduction" Ag NPs was synthesized based on the method of Pedroza-Toscano resulted in Ag concentration of 500 ppm with the yield 90%. By contrast, "biosynthesis" Ag NPs had Ag concentration of 54 ppm which was about 10-fold less than "chemical reduction" Ag NPs. However, "biosynthesis" Ag NPs with nanoparticle size smaller 2 nm represented more effective inhibition of E. coli. Thus, Ag NPs smaller than 5 nm resulted in excellent antibacterial property and depending on size effect.
Conclusion
Ag NPs produced by chemical synthesis using NaBH4/carboxymethyl cellulose and biosynthesis using T.asperellum were also spherical particles an average diameter 2 ÷ 6 nm. Ag NP solutions represented high stability after 180 days storing. The antibacterial activity of "biosynthesis" Ag NPs against E. coli was higher than "chemical reduction" Ag NPs with the inhibition zones of 3.17 cm and 2.42 cm respectively. Simple, rapid synthesis with very small particle size of 2 ÷ 6 nm are advantages of above methods, in particular, the friendly biosynthesis using T.asperellum not requiring chemical reducing will bring promising approach in high-tech agriculture. 
